The usual focus in pain measurement is primarily pain intensity, and secondarily temporal features such as frequency and duration. The location of pain is less frequently addressed. One reason for this may be that the location of pain is hard to summarize in a single number as can be done with intensity, frequency and duration. Another reason is that many researchers are based in disciplines concerned with particular parts of the body and have little interest in pain in other locations. Nevertheless, measures of the location of pain may be important for diagnosis, targeting treatment and evaluation of treatment efficacy. They are particularly relevant for studies of patients who have pain in multiple locations [1] .
Three principal ways of eliciting self-report information on the bodily location of pain are as follows:
▪
Patient's verbal response to the clinician's inquiry, usually focusing on the presenting complaint; ▪ Checklist of possible locations, from which the patient selects the relevant items; ▪ Printed pain chart or body outline on which the patient colors or writes symbols denoting pain in the appropriate places.
Combinations of a checklist and corresponding chart have also been used [1] [2] [3] .
This article reviews the pain chart approach as applied in the assessment of pediatric pain. Several other terms have been used for this technique, including body outline, body map, pain drawing, line drawing of the body and pain manikin; we use the term pain chart for simplicity. Topics to be addressed include: the comparison of pain charts with checklists; scoring methods; the optimum number of body locations to be distinguished; the validity of pain charts; the advantages of electronic versus paper-and-pencil administration; the age range for which pain charts are appropriate; the aspects of pain that can be represented; and technical details such as clothing and demarcation of areas of the body.
Published pain charts
A pain chart for adults was introduced by Melzack as part of the McGill Pain Questionnaire [4] , which also provides word descriptors and a rating of pain intensity. Numerous issues related to clinical and research use of pain charts with adults were reviewed [5] . The pain chart was proposed elsewhere as a tool for screening adult pain patients for psychological disorder; 19 studies of that proposition were reviewed with the conclusion that statistical associations are apparent but are too weak to justify the use of pain charts in psychological screening [6] .
Pain charts are used in two widely used multidimensional questionnaires on pediatric pain: the Pediatric Pain Questionnaire [7] [8] [9] [10] and the Adolescent Pediatric Pain Tool [11] [12] [13] [14] .
Other paper-and-pencil pain charts [15, 16] and electronic diary methods [17] [18] [19] [20] A number of questions about children's use of pain charts have yet to be addressed, as noted above.
How do pain charts compare with pain location checklists?
A checklist of pain locations can be scored more quickly and reliably than a pain chart. A short checklist is also quicker to complete for a skilled reader. However, the more precision that is required in locating separate sites of pain, the more unwieldy a checklist becomes. For example, it is easy to ask about arm pain, but it would take up more space and time to ask and answer the six questions needed to distinguish left versus right upper arm, elbow and forearm pain, whereas these would be quick to differentiate on a pain chart.
As far as we know, only one research group has directly compared a pain chart and a checklist of body locations given simultaneously to children [Roth-Isigkeit A, Pers. Comm.]. Their pain chart included front and back views of the whole body as well as separate closeups of the front and back of the head. The checklist required yes/no responses to 12 questions as to whether the child had had any of the following pains in the previous 3 months: pain in the head, back, ear, stomach, lower abdomen, arm, leg, chest, throat, tooth, menstrual pain or other pain. In extensive pilot work with children, the pain chart response option was chosen less often and was filled out less completely than the verbal response categories listed in the checklist. (Individuals' reasons for their preference were not sought.) Therefore, the pain chart was abandoned in subsequent versions of this instrument [2] .
However, a different choice might be reached in a project in which a greater number of pain locations must be differentiated. The choice would also be influenced by whether measures are to be administered face-to-face, by telephone, by paper-and-pencil questionnaire, or on a smartphone, computer or other electronic device.
What is the best scoring method for research & clinical purposes?
Several ways of scoring pain charts have been described:
▪
In clinical practice, informal verbal description of the location indicated on the chart is often used. This method has the advantage of using only that level of specificity needed for diagnosis and treatment; ▪ For research in which the extent of pain is under study (i.e., the number and size of painful areas, rather than their specific location), a grid of squares can be placed over the pain chart, and the number of filled-in squares can be counted [21] ; ▪ Finally, a preselected set of pain locations can be demarcated on a transparent overlay, or using printed boundaries on the pain chart itself or, in the case of a computer-based pain chart, programmed 'hot spots' that automatically produce scores if clicked or touched with a stylus. Any mark added by the patient within the boundaries of a location is scored as positive for pain in that location [22] .
Scoring methods vary as to their reliability and validity. In pilot work, we encountered challenges in scoring nondemarcated body maps. Without demarcations, the locations of different categories were subjective and dependent on the scorer. For example, the boundaries between chest and abdomen, or between head and neck, were not self-evident, and reliability was very low. Increasing the number of body locations from 7 to 15 decreased, but did not eliminate, discrepancies between scorers. The ambiguities encountered in scoring a nondemarcated body map were remedied with the application of a demarcated scoring template (transparent overlay) in conjunction with a stringent protocol, yielding near 100% scoring reliability.
What is the optimum number of body locations to be included in scoring systems for clinical & research purposes?
The optimum number of locations depends on the objectives and assumptions of the user. Broadly speaking, 'lumpers' will be content with demarcating and scoring a few large areas on the pain chart, while 'splitters' are concerned with detailed differences among many small areas. For example, studies in rheumatology might separately identify individual finger, toe and other joints [23] , requiring a database that can accommodate 80 or more separate variables to express pain location. By contrast, investigators who are interested in the common psychological substrates of recurrent pain and coping, regardless of body location, may be content to distinguish far fewer and larger areas. For example, nine broad areas on a pain chart were identified in a study of coping with pain in young adults, and an important outcome was the proportion of those nine areas for which pain was reported [24] .
A series of studies is currently underway entitled 'SUPER-KIDZ: Ask Me Where It Hurts' [25] . In a consensus exercise, that group has accepted a pain chart with 21 scored areas ( Figure 1 & Table 1 ), which was regarded as a compromise usable by clinicians and investigators with a variety of interests and objectives. In this chart, the number of necessary variables for scoring is reduced by combining, for example, the left hand, right hand or both hands into a single field. It is hoped that the necessary evaluation of the utility and validity of this tool will be undertaken via studies by members of the SUPER-KIDZ research group and others.
How valid are children's pain charts in representing their areas of pain?
Assessment of validity of responses on pain charts requires that they be compared with pain locations identified by other means. In one study [15] , 32 children with recurrent pain, aged 4 through to 14 years, were asked 'Where does it hurt?' and also were asked to mark pain locations on a chart [26] . Responses were classified as consistent or inconsistent with the final confirmed diagnosis. Significantly more consistent (valid) responses were found in the pain chart condition (n = 27) than in the verbal condition (n = 18). In another study employing the Adolescent Pediatric Pain Tool in 175 hospitalized children [11] , agreement was assessed between markings on the chart and patients' pointing to body parts. Agreement ranged from 83% for the amount of surface area to 94% for locations among the 43 sites marked on the scoring template. Single surgical incision sites were identified with 98% accuracy.
What are the advantages of electronic versus paper-and-pencil administration?
Electronic and paper versions may be compared as to their reliability, validity, preference and other aspects of utility. In general, the greater initial cost and complexity of pain charts administered on the web or on a handheld computer or smartphone [17, 18, 23] may be balanced against their greater scoring reliability, preference on the part of children and efficiency in data acquisition. Beyond one pilot study [20] , no published research has carried out this comparison specifically with respect to pain charts, but extensive literature is available on the analogous issues of electronic versus paper administration of pain diaries and pain intensity scales [27, 103] . In general, electronic versions are preferred by children, and they eliminate inconsistencies in scoring. However, in computer-based systems, the validity of scoring depends on the accuracy of registration of pain locations as hot spots on the pain chart. Such hot spots are easy to program as rectangles, polygons, circles or check boxes, but difficult to render as anatomically accurate parts of the body pictured on the chart.
For what age range are pain charts appropriate?
No task analysis or cognitive developmental studies have been published in relation to pain charts. The concept of mapping is not familiar or intuitive to young children, although they may be able to point to a painful body part. A relevant experiment with 5 and 6 year olds showed that body maps do not facilitate accurate report of touch [28] . More than half of the touch locations reported by children on a body map were incorrect, even when the children were interviewed immediately afterward. The authors strongly recommended against use of body maps with children of this age [28] . Anecdotally, our own experience supports the observation that many children below the age of 8 years require adult guidance in completing a pain chart, which may bias their responses. Accurate left-right mapping may elude many children until adolescence.
Until further research is available, we recommend that unassisted pain charts be used only with children older than 7 years. For clinical purposes, many younger children may be able to complete pain charts with adult assistance, but the adults' influence must be recognized.
Are technical details of the pain chart important in eliciting self-reports of pain?
Existing pain charts differ in many ways with respect to technical details. There is, as far as we know, no research on the impact of any of these features.
Visible versus nonvisible demarcations of areas of the body
Some pain charts provide a body outline without any markings to indicate the borders that are used in scoring. Other pain charts make the demarcations visible to the respondent. Visible demarcations might make the outline more complex and confusing. On the other hand, such demarcations might simplify the task because any mark in a demarcated area suffices, and the child does not have to be concerned with tracing the exact boundaries of the pain, which is often diffuse and poorly localized. Lines used to demarcate areas of the body need not be of the same weight and style as lines used for the body outline itself (e.g., Figure  1 ).
Clothing
Some children are believed to be embarrassed on presentation of apparently nude body outlines. There may be cultural and geographic variations in this respect. A complication of adding clothing is that it might, even if drawn transparently, be perceived by the child as covering (or demarcating) painful areas, which are then more difficult to indicate accurately. We have seen a number of clothed pain charts in which the clothing was colored in by the child: the clothing may be more salient and easy to color than the body outline itself. On the other hand, visible demarcations of parts of the body might reduce the respondent's tendency to be embarrassed, as these could be seen as representing a covering for the body, distracting the child's attention from the apparent nakedness of the body outline itself.
Ethnicity, gender & age-related features
Even very simple pain charts contain unintended cues as to the ethnicity, sex and age of the person portrayed. It is not known, for example, whether a picture printed in a black outline on a white background is perceived to be more like one ethnic/racial group than another, or whether this makes any difference in responses. Similarly, it is not known whether omitting hair and sexual characteristics from the pictures influences children's identification with the gender of the manikin and hence their ability to locate the pain on it.
Size
On paper it is easy to present a pain chart that is large enough to see all the features clearly. The challenge is greater when the pain chart is to be presented on the small screen of a smartphone or handheld computer. In particular, small demarcated areas such as individual finger joints would be difficult to select on a small screen; therefore, some electronic pain charts contain magnified images of the areas or joints of particular interest. Moreover, the total number of areas that is easily discriminable is smaller on a small screen than on a full page on paper. A system intended for both electronic and paper administration might have to compromise on the number of areas scored.
What aspects of pain should be represented in a pain chart?
In principle, not only presence or absence, but many other aspects of pain can be represented on a pain chart (e.g., severity and sensory quality) using symbols, shading or colors. This flexibility has been exploited in pain charts designed for adults: in one example, burning, freezing, squeezing, lacerating and aching types of pain can be represented [102] . With children, however, more complex systems may be confusing, particularly if they require unfamiliar vocabulary. Further study is needed to establish the age at which most children are able to represent aspects other than presence or absence of pain.
The intensity of pain often varies in different locations within individuals. Treatment may reduce pain intensity in some locations and not others. Should pain intensity be measured: Each of these alternatives has advantages and disadvantages. Separate scoring of pain intensity for each of the multiple sites leads to difficulties in statistical analysis, both because of the large number of data fields required, and also because each participant may have a different number of scores for intensity at each measurement occasion. On the other hand, for a child to provide a single average intensity score across multiple sites requires a complex judgment and weighting of the components of pain experience. A single pain intensity score for the most important site of pain is an oversimplification, but has the advantage of being easy to analyze and to compare across individuals and across time.
As a provisional recommendation, we suggest that pain intensity scores (least and worst for a specified period of time such as 2 weeks, as well as present pain intensity) normally be collected only for the one or two pain sites that are of greatest concern; that is, the main presenting problem(s). This can be done in a separate rating task and need not be part of the pain chart itself. Additional outcome variables derived from the pain chart can include presence or absence of pain in each demarcated area at each time point, and number of pain sites at each time point.
Discussion
Pain charts can assist children in recording the location of pain symptoms. Based on limited existing data, their use seems most appropriate for children aged 8 years and older, although many younger children can use them with adult assistance.
There are important distinctions between methods used for research and for clinical purposes. In clinical use, pain charts offer great flexibility for use of color and symbols to represent not only the presence and absence of pain, but its quality and intensity. These details must be developed collaboratively between individual patients and clinicians.
The fineness of differentiation of body locations will vary widely according to context. Generally, no numerical scoring of pain locations is needed in clinical use since the pain chart can be described verbally; pain intensity can be scored separately for one or two chief presenting complaints. On the other hand, in research, standardized, simple, numerical methods are required in order to ensure compliance and reliability of scoring, and to facilitate data analysis. The number of locations differentiated on the pain chart depends on the nature of the research, and no single solution can be offered. For example, research in rheumatology may require separate recording of symptoms in individual finger joints, which would be of no use in gastroenterology studies. The number of discrete locations in pain charts has ranged from nine to nearly 100. We recommend a compromise, adapted for use in research on treatment of recurrent and chronic pain, in which 21 locations are recorded; individual researchers may supplement these with closer examination of specific parts as needed.
We have suggested a number of avenues for research on pain charts, including cognitive developmental and practical aspects. Pain charts are not necessarily always the best way to elicit information about pain location. Checklists referring to particular body locations of interest may be more suitable in particular circumstances, such as when only a small number of locations are of interest.
Future perspective
Over the past decade, there has been increasing standardization of measures of pain intensity, such as the widespread adoption of the 0-10 metric in faces, visual analog and numerical scales. Over the next decade, we expect to see similar knowledge transfer and standardization in other aspects of assessment including pain location and quality. If future research supports the validity and utility of the new paper and electronic pain chart proposed in this paper, we might in future see it included in a streamlined and standardized initial assessment of pediatric pain complaints. The chart is designed for paper or electronic administration. Instructions: "Color in [click] all the parts of your body where you have had pain in the past 2 weeks." Instructions may be varied if necessary to show pain "right now", or pain during a specified activity, or during a different period of time, or to show pain of di erent quality or intensity using different colors or symbols (areas for scoring are listed in Table 1 ). Reproduced with permission from [104] © Childhood Arthritis and Rheumatology Research Alliance (CARRA; CA, USA).
